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Abstract 

Purpose of review. Much of the morbidity and mortality of severely burned patients is connected with hypermetabolism and catabolism 
with its accompanying impairment of wound healing and increased infection risks. In order to prevent the erosion of body mass, nutritional 
support and other strategies to prevent catabolism have become a major focus in the care of severely burned patients. 

Recent findings: Major themes discussed in recent literature are dealing with enteral versus parenteral nutrition and gastric versus duodenal 
feeding. The possibility of overfeeding is another important aspect of high calorie nutrition as commonly used in burned patients. Specific 
formulas for enteral nutrition for specific metabolic abnormalities are under evaluation as well as the role of anabolic and anticatabolic 
agents. 

Summary: From the clinical literature, total enteral nutrition starting as early as possible without any supplemental parenteral nutrition is 
the preferred feeding method for burned patients. Using a duodenal approach, especially in the early postbum phase, seems to be superior to 
gastric feeding. Administration of high calorie total enteral nutrition in any later septic phase should be critically reviewed due to possible 
impairment of splanchnic oxygen balance. Therefore, measurement of CCF-gap should be considered as a monitoring method during small 
bowel nutrition. 

The impact on the course of disease of supplements such as arginine, glutamine and vitamins as well as the impact of the use of anabolic 
and anticatabolic agents is not yet evident. Furthermore, the effect of insulin administration and low blood sugar regimes on wound healing 
and outcome in burned patients should be evaluated in future studies. 

© 2003 Elsevier Science Ltd and ISBI. All rights reserved. 
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1. Introduction 

Catabolism as a response to thermal trauma only can be 
modulated, not completely reversed. The burn wound con¬ 
sumes large quantities of energy during the healing process 
due to the large population of inflammatory cells and the pro¬ 
duction of collagen and matrix by fibroblasts. Postburn, the 
metabolic and catabolic responses are prolonged in severity 
and time course, lasting weeks to months in contrast to the 
days and weeks observed in other injuries. 

Therapeutic strategies should aim to prevent body weight 
losses of more than 10% of patients baseline status be¬ 
cause more profound weight losses are associated with 
significantly worse outcomes [1], Known consequences 
of catabolic disorders with loss of lean body mass above 
10% include impaired immune function and delayed wound 
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healing. Lean body mass reduction beyond 40% leads to 
imminent mortality. 

Therefore, complications of ongoing catabolism remain a 
major cause of morbidity and mortality in severely burned 
patients. In addition to optimizing nutrient intake, anti- 
catabolic and anabolic agents that may counteract “the 
stress response to injury or illness” may be of significant 
clinical benefit [2]. 

1.1. Enteral versus parenteral nutrition 

There is overwhelming evidence that the enteral route for 
nutrition delivery is far superior to the parenteral route [3]. 
The reasons are clear and multifactorial. 

Total parenteral nutrition (TPN) has been shown to be in¬ 
effective in preventing the catabolic response after burn in¬ 
jury. Total parenteral nutrition enhances the stress response, 
increases endotoxin translocation [4] and leads to an impair¬ 
ment of mucosal immunity [5]. Total parenteral nutrition has 
been shown to increase the expression of TNF-a mRNA in 
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organ tissues with increase in systemic TNF-a production, 
and to lead to a reduction in survival rate after thermal injury 
[ 6 ]. 

Immediate postburn total enteral nutrition can provide bet¬ 
ter nutritional support than total parenteral nutrition through 
the maintenance of gut mucosal integrity and the prevention 
of increased secretion of catabolic hormones. Total enteral 
nutrition provides better regulation of inflammatory cytokine 
responses and may contribute less to immunosuppression af¬ 
ter major surgery than parenteral nutrition [7]. Furthermore, 
total enteral nutrition may decrease intestinal permeability, 
preserve the intestinal mucosal barrier and have a beneficial 
effect on the reduction of enterogenic infection [8]. 

Contrary to the usual clinical practice of supplemental 
parenteral nutrition during the first postburn days, immediate 
high calorie enteral feeding during the postburn shock phase 
has a positive effect on splanchnic perfusion [9], 

Although, supplemental parenteral nutrition enhances 
nutrient intake and corrects nutritional parameters such as 
retinol-binding protein and prealbumin more rapidly, it has 
no clinically relevant effect on outcome in ICU patients at 
the early phase of nutritional support [10]. More notably, in 
burned patients supplemental parenteral nutrition leads to a 
significant increase in mortality [38]. 

1.2. Gastric versus duodenal feeding 

There is a presumed increase in the risk of ventilator- 
associated pneumonia with tube feeding. This has stim¬ 
ulated the development of procedures for duodenal 
intubation and feeding as primary prophylaxis to prevent 
ventilator-associated pneumonia. Currently, no clear differ¬ 
ence in the incidence of ventilator-associated pneumonia 
in duodenal compared with gastric enteral nutrition can be 
shown [11]. 

However, gastric feeding in the first postburn day is known 
to have a 18% failure rate due to regurgitation [3]. Further¬ 
more, using the duodenal approach even early high-calorie 
feeding is very well tolerated with nearly 100% success rate 
[9]. Therefore, duodenal feeding seems to be superior to gas¬ 
tric feeding at least in the immediate feeding regime after 
admission. 

1.3. Overfeeding 

Although an enteral high-carbohydrate diet improves the 
net balance of skeletal muscle protein [12], in surviving 
burned patients, calorie delivery beyond 1.2 x resting energy 
expenditure results in increased fat mass without changes 
in lean body mass [13]. Moreover, high-carbohydrate diet 
often leads to hyperglycemia, which has been shown to be of 
negative influence on the outcome of septic and critically ill 
patients [14,15]. Furthermore, high calorie enteral nutrition 
may lead to an impairment of the splanchnic oxygen balance 
in burned septic patients [16]. 


The use of the formulae of Harris and Benedict or Curreri 
for prediction of resting energy expenditure has not been 
validated in patients with more than 40% body surface area 
burned. Therefore, in order to prevent a negative impact 
on the outcome of these patients measurement of resting 
energy expenditure and gastric CCF-gap, as a parameter for 
splanchnic oxygen balance, is recommended. 

Resting energy expenditure seems to be very variable in 
those patients and declining energy expenditure appears to 
be a harbinger of mortality in severely burned patients [13]. 

1.4. Specific formulae of enteral nutrition for specific 
metabolic abnormalities 

Burn injury results in profound metabolic abnormalities, 
whereas the range of metabolic demands varies with the 
severity of the burn injury. The increase in endogenous 
catabolic hormones, primarily cortisol, and catecholamines 
and a decrease in the normal endogenuous activity of the an¬ 
abolic agents combine to result in a large protein loss [17]. 
Therefore, and especially for wound healing, protein rich 
nutrition formulas should be used. 

The impact of special substrates on the progress of burn 
disease is still under discussion. However, there is growing 
evidence that agents such as glutamine, have positive impact 
on metabolic management and thereby on morbidity and 
outcome in severely burned patients [18-21]. On the other 
hand the overall effect of glutamine in humans is still un¬ 
der discussion, because limited data are available concerning 
the mechanism for any of the glutamines purported effects. 
Moreover, whether these effects are based on altered cellu¬ 
lar physiology, metabolic regulation, or regulation of gene 
expression is still unclear [22]. 

Arginine has been shown to have a wide variety of poten¬ 
tially beneficial metabolic effects, since it serves multiple 
roles in the pathophysiological response in injured and crit¬ 
ical patients. The rate of arginine degradation is markedly 
increased after burn, whereas synthesis remains constant, 
leading to a deficiency state [23]. 

Nutritional intervention using omega-3 fatty acid leads 
a more rapid recovery of serum insulin like growth factor 
(IGF) levels with consecutive beneficial effects on wound 
healing [24]. 

1.5. Role of anabolic and anticatabolic agents 

An additional major problem for the burn patient is the 
fact that, despite an inevitable lean body mass—loss of 10% 
or more over a several week period, the rate of restoration of 
lost body protein is about 1/10 as rapid even with adequate 
nutrition and exercise. The reason is that the endogenuous 
stimulus returns to normal during recovery but does not ex¬ 
ceed normal yet all the cells are primed for anabolism and 
respond to any added anabolic stimulus with increased pro¬ 
tein synthesis [17]. Several hormones have been shown to 
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be efficient in increasing protein synthesis during the acute 
and recovery phases of burn injuries. 

In spite of the fact that agents such as human growth 
hormon (hGH), the testosterone derivative oxandrolone and 
IGF reduce catabolism and muscle mass reduction [25-30], 
the impact of hGH on the course of disease and its outcome 
is still controversial [31-33]. 

Further on, low-dose insulin has anabolic effects [31] 
and might have a beneficial effect on the outcome. Hyper¬ 
glycemia or relative insulin deficiency, or both during critical 
illness may confer a predisposition to complications, such 
as severe infections, multiple organ failure and death [15]. 
High calorie fed critically ill burned patients are at special 
risk for development of high blood sugar levels. Elevations 
in plasma glucose concentration impair immune function 
by altering cytokine production from macrophages, dimin¬ 
ishing lymphocyte proliferation and depressing intracellular 
bactericidal activity of leucocytes [34]. However, is still not 
known whether the blood sugar level or insulin by itself is 
responsible for the better outcome [14]. In burned patients 
beneficial effects can be expected by a combination of in¬ 
creased immune response due to lower blood sugar levels 
and improved wound healing due to insulin by itself. 

A completely different approach in the treatment of 
catabolism is the use of |3-blocking agents in severe 
burned patients. At least in burned children administration 
of propanolol attenuates hypermetabolism and reverses 
muscle-protein catabolism without side effects on wound 
healing [35]. Ensuring adequate tissue perfusion is of ut¬ 
most importance for the wound healing and the outcome of 
burned patients. (3-Blockade diminishes peripheral perfu¬ 
sion and might lead thereby to a conversion of intermediate 
thickness to full thickness wounds. Herndon et al. [35] 
did not see this effect due to [3-blockade in children, adult 
patients might respond differently because of a different 
structure of the skin. Furthermore, the better wound healing 
capacity in children [36] might have prevented potential 
negative effects of (3-blockade associated with diminished 
perfusion. 

Beside this, (3-blockade of septic patients is contrary to the 
hyperperfusion-concept of Shoemaker et al [37]. Although 
this concept has been widely discussed, regional hypoperfu¬ 
sion, even without (3-blockade, is a known problem in septic 
burned patients [16]. 

The overall effect of (3-blockade on the outcome of 
severely burned children and adults is still not known, 
as less catabolism does not necessarily result in a better 
survival rate. 

2. Practical recommendations 

Based on the literature, total enteral nutrition is the prefer¬ 
able feeding method for severely burned patients. Total en¬ 
teral nutrition should start as early as possible without any 
supplemental parenteral nutrition and can be increased very 


rapidly. Using a duodenal approach, especially in the early 
postburn phase, seems to be superior to gastric feeding as 
patients given feeding into the small intestine do tolerate 
higher calorie and protein intakes. 

The clinical routine of slowly increasing the amount of 
enteral nutrition in the early postburn phase with supple¬ 
mental parenteral nutrition is inferior to an early high calo¬ 
rie total enteral nutrition approach. However, administration 
of high calorie total enteral nutrition in a later septic phase 
should be critically reviewed due to possible impairment of 
splanchnic oxygen balance. Therefore, measurement of the 
C 02 -gap seems to be a useful tool in determining nutrition 
dependent oxygen imbalances of the intestine in critical ill 
patients and should be considered as a monitoring method 
during small bowel nutrition. 

The use of supplements such as arginine, glutamine and 
vitamins is a promising field for future studies but the real 
impact on the course of disease and its outcome is not yet 
decided. 

Similarly, reviewing the literature provides contradictory 
data on the impact of the use of anabolic and anticatabolic 
agents. Recently published data on (3-blockade offer new 
aspects on the metabolic management of burned patients. 
Whereas, in children [3-blockade seems to be of clear benefit 
on catabolism, in adults similar data is not yet available. 
In particular the impact of (3-blockade on the outcome of 
severely burned patients remains to be evaluated as does. 

The effect of insulin administration and low blood sugar 
regimes on wound healing and outcome in burned patients. 

3. Conclusion 

In the recent literature discussion on the advantages of 
enteral versus parenteral nutrition and on gastric versus duo¬ 
denal feeding can still be found. Furthermore, high calorie 
nutrition and the possibility of overfeeding are important 
aspects in burned patients. Specific formulas of enteral nu¬ 
trition for specific metabolic abnormalities are currently un¬ 
der evaluation as are the roles of anabolic and anticatabolic 
agents. 
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